in a surface microlayer and a subsurface layer at a depth of 1 m along two transects from the river outlets to the open sea. The first transect was located from the Vistula River outlet to the Gdańsk Deep and the second transect was located from the Łeba River outlet to Słupsk Furrow. Results indicated that DOM fluorescence intensity in the SML is higher by 20% compared to the SS. The Humification Index, HIX values were lower in SML than SS by 13%. That indicates that SML is depleted in molecules with high molecular weight and higher aromaticy. The inverse relationship of fluorescence intensity of dominant peaks with salinity both in SML and SS suggests that FDOM variability is regulated mostly by terrestrial DOM input.
INTRODUCTION
The surface layer of the sea, being the boundary between the atmosphere and the sea, covers more than 70% of the Earth's surface. A sea surface microlayer (SML) is a few millimeters of an upper ocean surface [1] in direct contact with an atmosphere, which physicochemical and biological properties are clearly and measurably different from the underlying water [2] . The surface microlayer is almost ubiquitous and cover most of the surface of the ocean, even under conditions of high turbulence [3] . It is an extremely important boundary layer because of its role in the natural processes of the Earth, including the exchange of energy, mass and momentum between the sea and the atmosphere, transformation and circulation of organic matter as well as the exchange of gases and aerosol generation. The SML is disrupted by breaking waves, that disperse the SML material into the subsurface layers, to a depth of a few meters, from which escapes to the surface in the membranes of bubbles produced by breaking waves. During lifetime of a bubble both dissolved and small particles located in a water column accumulate on its surface. "Bubblescavenging" process is the key to the cycling of surface active material in the upper ocean [4] .
In coastal waters of high biological activity, the natural slicks are observed in the SML (possible to see by a naked eye), resulted from greater amounts of hydrocarbons in the surface microlayer, accumulated during phytoplankton blooms [5] . Molecules that create a SML are called surfactants and their main sources are: (i) dissolved and suspended organic endproducts of marine phytoplankton decomposition, (ii) organic matter coming from the lands (natural/terrestrial and anthropogenic) and (iii) anthropogenic and natural oil spills. They are a mixture of organic compounds rich in lipids (fatty acids, sterols), polymers and humic substances (fulvic and humic acids) and their proportions affect the surface films elasticity and other SML properties [6] . Surface microlayers result from the accumulation of both: discrete molecules, DOM, and larger particles, that consists of mixture of hydrophilic and hydrophobic or amphiphilic molecules, to form the surfaceactive structures that extend into subsurface water [6] .
Dissolved organic matter is the major form of the organic carbon contained in the world's oceans. The majority of marine DOM is autochthonous (produced in the marine environment by phytoplankton). However in coastal seas about 70% of DOM have terrestrial origin [7] , and it represents only about 2-3% of the total oceanic DOM pool [8] . The terrestrial and anthropogenic organic matter carried by river into the Baltic Sea, affected by marine microbial decomposition and photooxidation processes, is characterized by different humification degree, that reflect the changes in their molecular structure affecting the spectrum of sunlight passing through a seasurface. Fluorescence spectroscopy can provide an excellent tool to source DOM fractions, and to monitor and understand DOM transformations in aquatic systems, as much DOM has an intrinsic fluorescence [9, 10] . The fluorescence spectroscopy can reveal the presence of terrestrial and anthropogenic and marine humic-like components of marine FDOM via the occurrence of specific excitation/emission bands [7, 11] . Another way to differentiate the sources of humic substances in seawater is based on the fact that as fluorescing molecules become more condensed in humification process, their emission spectra tend to shift toward longer wavelength [12] . The biodegradation processes change the physical, chemical and biological properties of organic molecules and effect the degree of humification, characterized by increases in aromatic (phenolic) groups and highly substituted unsaturated systems [13] . "Humification index" (HIX) calculated as a ratio between a longwavelength emission band and a short-wavelength emission band excited at UV [14, 15] or as a total intensity of emission spectra excited in blue light [13] is used to quantify the degree of DOM humification. In our analysis a procedure proposed by Zsolnay was applied [14] .
The optically active organic molecules, specially chromophoric DOM, contained in surface and subsurface layers and an information about enrichments of the SML in CDOM as well as the humification degree of organic matter contained in SML and SS are the subject of our analyses. The aim of this paper is (i) to characterize the fluorescent dissolved organic matter -FDOM in the SML and SS in the Baltic Sea with, (ii) to compare the FDOM composition in SML and SS, (iii) to describe the spatial and seasonal variability of FDOM properties in SML and SS in the Baltic Sea.
METHODOLOGY
Samples were collected during the last days of five research cruises: three field studies were conducted in 2013: May (7-13 th and 15-31 st ) and (2-17 th ) October; and two were conducted in 2014: April (1-9 th ) and October (7-21 st ). Sampling was carried along transects from the mouths of the Vistula River and the Łeba River into the open sea. The SML samples were collected by a metal Garret's net of 500 µm mesh. This technique allows collecting water from the top-layer of approximately 1 millimeter [16] . In the same places the SS samples were taken by a Niskin bottle. Sampling was carried out when the sea state was 1-4 B only, and there were no detectable oil spills. The unfiltered samples were placed into dark bottles and stored at 4 • C. During sampling the measurements of temperature and salinity of a surface layer were made.
Spectrofluorometric measurements of the samples were carried out in 24 hours after collection without any previous treatment at room temperature using a 1 cm high sensitivity quartz cell. It is well-known that filtration separates particulate fraction from dissolved and colloidal ones. On the other hand, during filtration the strongly surface active molecules or macromolecules might be retained on the filter by sorption processes [17] .Ćosović reported that the concentration of surface active organic molecules change about several to 15% between filtered and unfiltered samples collected in the northern Adriatic Sea [17] . Furthermore, the interference of in situ measurements of CDOM fluorescence by particles was studied by Belzile who estimated a possible error in fluorescence signal retrieval in less than 4% [18] . Taking into account the above the all studied samples are analyzed without filtration. The 96 samples, from 48 stations, were collected during the five Baltic cruises and the 3D EEM (Excitation Emission Matrix) fluorescence spectra of the samples were measured. The 3D steady-state fluorescence spectra (3D EEMs) of the samples and a milliQ water were carried out using VARIAN Cary Eclipse spectrofluorometer with 5 nm bandwidth in both excitation and emission, respectively. The excitation of the 3D EEM was fixed in a spectral range 250-500 nm, with a step 10 nm. The emission of the 3D EEM was recorded in a spectral range 300-600 nm, with a step 5 nm. Firstly the 3D EEM of miliQ water -as a reference signal -was measured each time after the cruise and the intensity of the Raman emission band (the area below the Raman emission curve), excited at 355 nm, was calculated. Normalization of 3D EEM of samples and conversion into Raman units (R.U.) was performed by subtracting the 3D EEM of milliQ water from 3D spectra of the samples and then dividing them by the intensity of Raman band calculated for miliQ water.
Due to the variability and complexity of the chemical composition of the marine organic matter the best tool for the identification of organic molecules in seawater is fluorescence spectroscopy [10] . Optically active parts of molecules, chromophores or fluorophores, possess their unique characteristic absorption and/or fluorescence spectra that allow their identification. That enable to identify of the sources of organic matter in the sea. Analysis of 3D EEM fluorescence spectra of marine waters was based on identification of distinct fluorescence intensity peaks based on the interpretation proposed by Coble [11] . Fluorescence intensities of the 3D EEM spectral bands representing the main DOM components belonging to the A-like, M-like, C-like and T-like fractions were proposed and calculated for Baltic seawater by Kowalczuk and Drozdowska [19] - [21] . The spectral characteristic (energies) positions of excitation and emission wavelengths of the main components of marine DOM at the 3D spectrum are listed at first two columns of the Table 1 .
Humification index was calculated as the ratio of the intensities of the long-wavelength band (434-480 nm) to the shortwavelength band (330-346 nm) of the fluorescence spectrum excited at 255 nm. The ratio (M+T)/(A+C), resulting from calculations of the intensities of the main FDOM components is used to access the relative contribution of recently produced DOM to highly degraded DOM. 
RESULTS

Spatial and seasonal variability of FDOM in the surface microlayer and subsurface layer in the Baltic Sea
The higher fluorescence intensities in all emission bands were observed in samples collected in a SML than a SS layer. There was a consistent pattern that A, M, C, and T peak intensities were higher in the SML than in the SS layer. The example of observed differences is shown in Figure 2 (a) and 2(b), which presents the measured EEM in the SML and SS samples collected at the station L2 near the port Łeba, on transect L, at 15 th October 2013. For this particular example the fluorescence intensities in SML were as follow: A-peak -0.292 R.U., M-peak -0.166 R.U., C-peak -0.165 R.U., T-peak -0.180 R.U., respectively. The fluorescence intensities of corresponding peaks in the sample collected in the SS layer were lower: A-peak -0.277 R.U., M-peak -0.143 R.U., C-peak -0.144 R.U., T-peak -0.116 R.U., respectively. This pattern has been consistent for both sampled transects and seasons: the EEM intensity in the SML is higher than in SS layer. We have observed the spatial and seasonal differences in FDOM intensities at all selected peaks. Spatial distribution of measured EEM intensities is mostly related with input of terrestrial DOM into the Baltic Sea and amount of fresh water discharge. Figures 2(c) and 2(a) present the differences in the EEM intensity measured in the SML at two sampling site: one located at vicinity of the Vistula River mouth (W2) and second located at vicinity of the Łeba River mouth (L2), at 16 th and 15 th October, 2013, respectively.
The EEM intensities at SML near the Vistula River mouth were 2.8, 2.6, 3.1 and 1.5 times higher at respective peaks A, M, C and T than EEM intensities measured in the SML at the Łeba River mouth. The differences in the EEM peak intensity can be attributed to the river discharge: on average the Vistula River discharge in an order of magnitude larger than the Łeba River.
Differences in spatial and seasonal variations in measured EEM peak intensities in the SML and SS layer were quantify by calculating the median and percentile distribution in spring and autumn in two water masses: one characterized by salinity < 7, which is influenced by direct fresh water discharge from rivers and second characterized by salinity > 7, which is typical for open Baltic Sea waters. Table 1 contains median values of fluorescence intensities of respective peaks in the SML and SS layer in spring and autumn in distinct water masses. The percentiles statistical distribution of fluorescence peaks in the SML and SS layer in two seasons in water masses characterized by salinity threshold less that 7 and higher than 7, have been presented in Figures 3 and 4 . The box-whisker plots in Figures . The same pattern was observed in the less saline waters < 7, although observed median values of all peaks and both in SML and SS layer were 2-3 times higher compared to open Baltic Sea waters. The median values of most of respective peaks intensities are higher in spring than in autumn both in the SML and SS layer. There was one exception, the autumn median value of the T-peak fluorescence intensity in the SML in open Baltic Sea waters was higher than spring T-peak median value. This difference was not observed in the subsurface layer, suggesting that protein like FDOM component could be accumulated in SML as the effect of photo-bleaching. Additionally, the boundaries of the boxes show much greater dispersion of the results in spring than in autumn and greater variation in coastal zone (salinity < 7) than in open sea (salinity > 7). The relationships between the fluorescence intensities of the main fluorescence bands as well as the relative contribution of components in a sample and salinity have been demonstrated in Figures 5 and 6 . Distribution of fluorescence intensities of respective peak as the function of salinity presented in the upper graphs refers to the SML, while that shown on the lower graph refers to SS samples. The fluorescence intensities of all components decrease linearly with increasing the salinity from 3.1 to 7 and they reach almost constant values for salinity > 7 for both SML and SS samples. Linear regressions, marked by straight lines, and their respectively regression and correlation coefficients, a and r 2 for given fluorescence peaks have been presented on graphs. The highest 
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Sources of FDOM in the surface microlayer and subsurface layer in the Baltic Sea
The examination of the sources of fluorescing organic fractions are based on calculations of the β : α ratio, proposed by Parlanti [22] and Wilson [27] , where the β : α ratio was calculated, from a fluorescence spectrum (obtained for excitation at 310 nm), as a ratio of the emission intensity at 380-410 nm (β region) divided by the emission intensity observed between 420-435 nm (α region) [22, 27] ; and values > 1 indicate that DOM is primarily of autochthonous origin and values < 0.6 indicate primarily allochthonous origin [28] . We use the signals from M-like and T-like fluorophores, associated with the rapid degradation or transformation of microbially derived, protein-like DOM as a short-wavelength band β, as well as from A-like and C-like ones, controlled by loading of more highly degraded humic-like compounds for α. We investigate the sources of FDOM molecules in the study area by analysis of the (M+T)/(A+C) ratio and by calculating its median and percentile distribution in spring and autumn in two water masses: one characterized by salinity < 7, which is influenced by direct fresh water discharge from rivers and second characterized by salinity > 7, which is typical for open Baltic Sea waters. Table 2 contains median values of the (M+T)/(A+C) ratio of the SML and SS samples in spring and autumn. The percentiles statistical distribution of the (M+T)/(A+C) ratio in the SML and SS layer in two seasons in water masses characterized by salinity threshold less that 7 and higher than 7, have been presented on graphs in Figure 7 . The box-whisker plots in nous and allochthonous origin during spring season -i.e. value of the ratio > 0.6 and < 1, while 100% of FDOM (in both layers) during autumn. The rest of FDOM molecules have an allochthonous origin -i.e. values of the ratio < 0.6. However in estuary waters (salinity < 7) a majority (about 75%) have an allochthonous origin -i.e values of the ratio < 0.6, in both layers and seasons as well. The rest of FDOM molecules have a mixed origin -i.e. values of the ratio > 0.6 and < 1. This is, because the (A+C) region (long-wavelength band in 3D fluorescence spectra), controlled by loading of more highly degraded humic-like compounds carrying with riverine waters, causes low values of the ratio, while the presence of in-situ produced molecules, manifested by the (M+T) region (shortwavelength band in 3D fluorescence spectra) associated with the rapid degradation or transformation of microbially derived, protein-like DOM, causes higher values of the ratio in SML than SS and in open sea samples.
The relationship between the (M+T)/(A+C) ratio and salinity is demonstrated in Figure 8 . The values of the ratio increase linearly with increasing the salinity from 3.1 to 7. Linear regressions, marked by straight line curves, and their regression and correlation coefficients, a and r 2 respectively are presented on a graph. The regression coefficients regarding to both: the SML and SS describe similar values: 0.074 and 0.062, respectively. The values of the ratio recorded for salinity > 7 are presented by their medians and put in Figure 7 for SML and SS samples, respectively.
Humification of FDOM in the surface microlayer and subsurface layer in the Baltic Sea
Next, the HIX index is simple and easy to calculate and sensitive to changes in the molecular weight of DOM molecules and to assess the aromaticity of DOM (ratio of C/H) was calculated. This parameter tells about an increase in the C/H in DOM molecules that at the same time cause the red-shift of the fluorescence [23, 24] . Figure 9 presents the box plots of HIX parameter calculated for the SML and SS samples. The percentiles statistical distribution of HIX parameter in the SML and SS layer in two seasons, in two water masses characterized by salinity threshold less that 7 and higher than 7, have been presented in graphs in Figure 9 . The box plots in Figures 9(a) and 9(b) present median values (solid line), 25 th and 75 th percentiles (the boundaries of the box: closest to and farthest from zero, respectively) and 10 th and 90 th percentiles (whiskers below and above the box, respectively) of the respective values of HIX. There has been a clear seasonal pattern shown in both figures that the median yields higher values in springs and lower in autumns (7.1 and 7.2) and (4.9 and 6.7) for SML and SS samples respectively, as well as HIX index yields higher values in SS (7.2 and 6.7) than in SML (7.1 and 4.9) samples, for both spring and autumn respectively. In coastal waters (salinity < 7) the HIX varies with salinity and reveals greater dispersion of the results.
The relationships between HIX parameter and salinity are demonstrated in Figure 10 . The values of HIX decrease linearly with increasing salinity from 3.1 to 7 and linear regression coefficients yield similar values, however a little higher for SML (-3.486) than for SS (-2.601) samples. Analysis of the boundaries of the boxes show greater variation of HIX in SML. Additionally, the higher values of the HIX obtained for coastal water, salinity < 7, reveal strong humification caused additionally by solar radiation [25] .
DISCUSSION
The analysis of EEM spectra measured for SML and SS samples revealed a seasonal pattern for amount of fluorescing fractions of organic matter in surface seawater masses characterized by salinity < 7 and > 7. It could be concluded that, concentration of the all organic matter fractions in coastal waters decreases with increasing a distance from land and salinity due to dilution of fresh water during mixing with marine waters as well as because terrestrial, big molecules sink to the bottom and small one are flocculated [26] .
Investigations of the sources of fluorescing organic fractions are based on analysis of the (M+T)/(A+C) ratio. Low values (< 0.6) of the (M+T)/(A+C) ratio received in studied waters of the Southern Baltic indicate that the freshwater inflow is a main source affecting the marine FDOM composition, especially in spring and in estuary waters (salinity < 7), while in SML the values increase a little -manifesting the presence of in-situ produced molecules. The HIX index is a good factor to measure the humification degree, given that as fluorescent molecules become more condensed, their emission spectra tend to shift toward longer wavelengths [29] . So, the HIX value reflects the structural changes that occur during the humification process and is directly proportional to humic content of DOM [14] , [30] - [34] . HIX reaches higher values in SS water samples than in SML in open sea waters, while in coastal waters the both layers are almost equally affected by humification process. As was to be expected the (M+T)/(A+C) ratio is inversely related to humic content of DOM (HIX). tration of fluorescing molecules is higher in SML than is SS, (ii) concentration of FDOM is 2-3 times higher in coastal region (salinity < 7) than in open sea (> 7), (iii) the greater variation of fluorescence intensities was recorded in spring than in autumn, (iv) low values of the (M+T)/(A+C) ratio indicate that the freshwater inflow is a main source affecting the marine FDOM composition in springs, while the values increase a little in SML in open sea waters, manifesting the presence of in-situ produced molecules there, (v) in open waters HIX reaches higher values in SS samples than in SML that means the SS is enriched in molecules with high molecular weight and higher aromaticy, (vi). while in coastal waters (salinity < 7) -with high concentration of organic molecules affected by a strong humification process and under the influence of bacterial activity -both layers are almost equally affected.
CONCLUSIONS
Content and composition of FDOM -both in the SML and SS -depend on seasons and greater variability were observed in spring and in SML. The organic molecules contained in the SML can modify many physical processes connected with surface films, thus a study on certain physical properties of a surface microlayer is needed in the future.
